Abstract. Plasma Arc Cutting (PAC) is a thermal manufacturing process used for metal plates cutting. This work experimentally investigates the influence of process parameters onto the dimensional accuracy performance of the plasma arc cutting process. The cutting parameters studied were cutting speed (mm/min), torch standoff distance (mm), and arc voltage (volts). Linear dimensions of a rectangular workpiece were measured after PAC cutting following the full factorial design experimental approach. For each one of the three process parameters, three parameter levels were used. Analysis of means (ANOM) and analysis of variances (ANOVA) were performed in order for the effect of each parameter on the leaner dimensional accuracy to be assessed.
Introduction
Plasma-Arc Cutting (PAC) is a thermal manufacturing process used for processing various electrical conducting materials, such as carbon steel, stainless-steel, aluminium, cast iron and non-ferrous metals [1] [2] [3] . PAC mechanism ( Fig. 1 ) is characterized by an electric arc established between the electrode and the workpiece. The electrode acts as the cathode, and the workpiece material acts as the anode in the process. Other thermal processes which are antagonistic to the PAC are the laser beam machining process (LMP) and the flame cutting. Selecting the most suitable process for industrial applications depends on several factors such as the type of the material, the layer thickness, the cutting speed, the quality indicators of each process and the cost. Plasma arc cutting can be used for the cutting of metal plates with thickness varying from 5 to 40mm (Fig. 2) .
The multi-parameter optimization of the PAC process according to quality indicators, such as the kerf characteristics, the dimensional accuracy and the quality of the cut surface has been experimentally studied by several researchers in several materials and experimental regions [3] [4] [5] [6] [7] [8] [9] [10] [11] . The current research work investigates the influence of plasma-arc cut process parameters onto the dimensional accuracy of St37 mild steel workpieces. A multi-parameter optimization was carried out using the full factorial design of experiments method.
Parameter Design
In this work experiments were conducted on St37 carbon steel (mild steel), which is widely used for industrial applications. The Yildirim CNC cutting machine was employed having a Burny phantom MCU and HPR 260 air gas torch (Fig. 3) . All experiments were performed in 16mm thickness sheets (Fig. 4) . ǹ WKUHH parameter full factorial design method was implemented (Table 1 ). Columns A, B, and C, are assigned to cutting speed (mm/min), torch standoff distance (mm) and arc voltage (Volt), respectively.
Fig. 4. Workpieces (rectangle shape: 30mmX40mmX16mm).
A 30mmx40mm rectangular cut was performed for all 27 combinations as indicated in the orthogonal matrix of the experiment (Table 1) . Clockwise (CW) cut direction was followed in all experiments.
The leaner X dimension of the rectangular workpiece was measured on its top surface (Fig. 5 ). For each workpiece the average of five measurements as well as the deviation (maximum minus minimum value of the five measurements) were calculated during this work.
The measurements were taken along the X direction using a 1 micron accuracy digital calliper. 
Analysis of Means -ANOM
After all the experiments were conducted and measured, an analysis of means (ANOM) was performed onto the experimental results (Table 2 and 3) and relevant diagrams were exported ( Fig. 6 and 7 ) in order to optimize the process according to the Leaner Dimension and the minimum deviation of the leaner dimensions criteria. 
Fig. 7. ANOM Diagram (deviation of measurements).
According to the ANOM analysis and figure 6 , the combination for optimizing the leaner X dimension is (best target value [13] ); Cutting Speed: 3200 mm/min, Torch standoff distance: 3 mm, and Arc Voltage: 145Volt. Minimization of the Deviation ( [13] ) is achieved when; Cutting Speed: 2000 mm/min, Torch standoff distance: 3 mm, and Arc Voltage: 140Volt.
Analysis of Variances -ANOVA
Another approach to assess the different parameters impact onto the performance indicators is by using the Analysis of Variances (ANOVA). ANOVA is also needed for estimating the error variances for the parameters effects and the error prediction variances [13] . F is the variance ratio, i.e. the mean square ratio due to a parameter and the mean square of the error (calculated in Tables 4 and 5) . A parameter with an F ratio greater than 4 is considered as very important. If F ratio is smaller than 1, it is considered as unimportant.
ANOVA analysis for the leaner dimension in the X direction shows that the variance due to all the considered parameters is about 80 percent of the total error. In this case, cutting speed is the key factor affecting about 76% the leaner dimension.
ANOVA analysis for the calculated results deviation shows that the overall variance due to all the considered parameters is about 46%. This indicates that the process noise parameters cause larger variance, than the error caused due to the selected process parameters. Torch standoff distance is the most important factor affecting Deviation about 25%. 
Conclusions
In this work the plasma-arc cut process parameters impact onto the X-direction dimensional accuracy as well as onto the deviation (maximum minus minimum of five measurements) was experimentally investigated. The optimum parameter values for the leaner dimensions on the X axis were; Cutting Speed: 3200 mm/min, Torch standoff distance: 3 mm, and Arc Voltage: 145Volt. The optimum parameter values for the deviation were; Cutting Speed: 2000 mm/min, Torch standoff distance: 3 mm, and Arc Voltage: 140Volt.
Finally, the ANOVA analysis shows that the leaner dimension in the X axis is affected the most by the cutting speed (about 76%), and the deviation is affected the most by the torch standoff distance (25%).
